liporpammHoe obecnevyexune u ycnyrun

Peann3auva npenmyLiecTs MHOroBOJIHOBbIX
CENCMWYECKNX AdHHbIX
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Unleashing the Value of Full-wave Seismic Data

Myppen PoT: Transform Software and Services

Bl Axanorum

Y70 06Lwero me>kay MHOrOBOSTHOBLIMU (UNN
MHOFOKOMMOHEHTHbIMW) CENCMUYECKUMN OAHHBIMU U
[06pbIM BUHOM Mnn (piakoHOM LOPOrvX AyXoB?

B 06oux criyqaAx nyTb K NOMYYEHMIO LEHHOMO NpoayKTa
HaunHaeTcA co cbopa MCXOOHbIX MaTepranoB, KOTOpble
NnoAaBeprarTCA CIOXKHOMY NpoLeccy NnpeobpasoBaHni,
AaloLWwmx CTomMb BaXkHbIM pe3ynbTar. Korga xe aTta
TEXHONOrm4yeckKan LenoyvKka noaxoamT K Iorm4eckomy
3aBEpLUEHMIO, TO TOSbKO NPaKTUYECKOe UCMOoSIb30BaHMe
MOTy4EeHHOro NPoayKTa No3BOMNAET PacKpbITh BCE

€ro LeHHenwmne cBorcTBa. Hacnaxxgaemca nm mbl
apomaTom AyXOB, UM CHUXXaeM puckun 6yposbix pabor,
npe>kae BCero, HE0HXOANMO «OTKPbITb hakoH» AnA
TOro, 4TO6bI AAaTb OLIEHKY.

MHOroBONHOBLIE CENCMUYECKNE AaHHbIE 3aKtovaroT
B cebe OrpoMHbIN NOTEeHUMan Ha nyTu K 6onee
TOYHOMY ONpeaeneHnto CBOMCTB KomnnekTopa, 6onee
3(pheKTNBHOMY pasmMeLLEHNIO CKBaXXMH U pa3paboTke
MecTopOXAeHUA. N3yyana reonormyeckyto cpeny

C MCNOMb30BAaHNEM BOJSTH Pa3fiIMYHbIX TUMNOB, YTO
COMOCTaBMMO C CoHEeTaHUEM peHTreHockonuu n MP-
WHTPOCKOMMM, MHOTOBOJTHOBaA ceicmopasBenka

[aeT YHUKasbHY0 BO3MOXXHOCTb ONpeaenunTb Kak
NNTONOIMIO KOMNIEKTOPA, TaK U COCTaB coaepXallmxca
B HeM chntonaoB. OAHaAKO, Kak 1 B HALWEM CPaBHEHUN
C MEOVLMHCKMM UCCneaoBaHneM, COrnacoBaHHbIN
aHanus TpebyeT “oToXAeCTBNEHNA” n3obpaxkeHun onAa
rapaHTUPOBAHHOrO BbIABNEHNA CXOAHbLIX MPU3HAKOB.
[nAa TpaguumMoHHbIX nccnegoBaHnii Ha P-BonHax m
HOBbIX NccnenoBaHnAx Ha PS-BonHax TpebyeTcaA
pasnuyHaa onuHa 3anucu, n OTOXXAECTBIIEHNE BOSH
pasnu4yHbIX TUMNOB HEOOXOANMO ANA AeHTUhKaLmm
O[HUX U TEX XXE reoNIormyecKmx rpaHuL,.
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Murray Roth: Transform Software and Services

Il Full-wave Analogies

What do full-wave (or multicomponent) seismic data
have in common with a fine wine or an expensive bottle
of perfume? In each case, a sophisticated value chain
starts with the acquisition of raw material, which is
converted to a valuable product through a sophisticated set
of processes. However, while acquisition and processing
create value, it is the actual application of these products
that unleashes the true value. Whether we are enjoying
tastes and smells or reducing drilling risk, it is essential
to “open the bottle” before value is realized.

Full-wave seismic data holds tremendous potential value
for better reservoir understanding, leading to better

well placement and field development. By measuring
the same geology with different modes, analogous to
combined X-ray and MRI measurements; full-wave
seismic data provides unique insight into both reservoir
lithology and fluid content. In our medical analogy,
however, a consistent analysis requires that the images
are “registered’, to ensure that similar features are being
detected. Traditional P-wave and new PS-wave seismic
measurements also have different scales, requiring
registration to ensure the same geologic features are
being interpreted.

B Full-wave Registration: Unleashing Value

The very nature of full-wave seismic data ensures that
time measurement scales between seismic volumes
will be different, making interpretation problematic. With
traditional P-wave seismic data, geology is imaged with
pressure waves reflecting from various rock interfaces.
In the case of PS-wave seismic data, pressure waves
are “mode converted” into shear waves at the same



OToXXaecTBMEHUEe BOJSIH pa3SfiniHbIX TUNOB:
M3Brne4YeHue npenmyLlecTs
Cama npupoga MHOroBOSTHOBbIX CENCMUYECKUX AaHHbIX
NPVBOANT K PasNN4HbLIM BpeEMEHaM perncrTpauum
BOJIH B pa3NyHbIX MaccnBax AaHHbIX, Aenas ux
WHTepnpeTaumto npobnemaTundHon. Cencmmyeckne
n306pakeHuna, nony4aemble C NOMOLLbIO TPaANLMOHHBLIX
P-BONH, 0TOBpaXkaloT reonorM4eckoe CTPOeHNe TONbKO
Ha NPOAOIbHBIX BOMHAX, OTPaXXEHHbIX OT rpaHny
pasgena. B crniyyae xxe cencmMmmnieckux nsobpakeHun,
nony4aembix Ha PS-BonHax, NpoaonbHble BOSHbI
“npeobpasytoTcAa” B MONEPEYHbIE BOMHbI HA TEX
>Ke camblx rpaHuuax paspena. PasHble ckopocTu
pacnpocTpaHeHnA NPOAOSbHbLIX U MONEPEYHbIX
CENCMNYECKMX BOMH NPUBOAAT K MOMYYEHMWIO
cencmorpamm PS-BosH, KOTOpble 06bIYHO BABOE
OnnHHee cercmorpamm P-sonH. CnepoBaTtensHo,
KIOY K YCNEeLWHON MHTepnpeTaumm MHOroBOSTHOBbIX
CENCMNYECKMX AaHHbIX NEXUT B YCTAHOBNEHNM
COOTBETCTBMA MEXAY MacCMBamy CENCMMNYECKMX
[aHHbIX Yepes3 HeKYIo0 hopMy “OTOoXKAECTBNEHUA”
3Ty npouenypy BbINOAHUTL HE Tak NPOCTO M3-3a
3HAYMTENbHBIX PACXOXAEHNI B XapakTepe 3anucu
Pa3nnYHbIX BOSH, BKJOYAA amnimTydbl, 4acToThbl 1 ¢hasbl.

[na ynpoleHnA n asTomMaTnsaumm nHTepnpeTauum
AaHHbIX MHOTOBOJTHOBOW celicMopa3Benku paspaboTaH
pAL METOAMK, KOTOPbIE NCMOMb3YIOTCA Kak Ha

rock interfaces. The different velocities of seismic wave
propagation between pressure and shear waves result
in PS-wave seismic records typically being twice as
long as P-wave seismic records. Consequently, the
key to successful full-wave seismic interpretation lies
in establishing a match between seismic data volumes
through some form of “registration” What makes this
process particularly challenging is that the seismic
character between full-wave seismic volumes can be
very different, spanning amplitude, frequency and phase
properties.

Various techniques are being developed to simplify and
automate full-wave seismic registration, whether as

part of the seismic processing stage or as an integral
interpretation step. Figure 1 illustrates the types of data
and diagnostic tools available for seismic registration.
The objective of the process is to match the full-wave
seismic data in the center panel. By dynamically
“morphing” data images on the left panel, the interpreter
interactively creates the “registration function” in the right
panel, which acts as a quality control measurement.
Interactive image morphing, using a number of seismic
attributes, followed by detailed automated “tuning” is
emerging as an efficient and robust registration process.

As important as these new technologies are to full-
wave seismic registration, of equal importance are
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PucyHok 1: [InHamnyeckoe 0TOXAECTBNEHNE OOMEHHbIX
PS-BonH 1 TpaguumnoHHbix P-BonH (cnesa) no3sonAaeT
TOYHEE KOppenvMpoBaTth BOMHbI (CepeanHa) 1 onpenendTb

CKOPOCTM 0BMEHHbIX BOMH (cnpaea). [aHHble nobe3Ho
npepocTaeneHbl komnaHven Apache, KaHaga.

aTane o6paboTKM CEMCMUYECKUX AaHHbIX, TaK U

Ha aTane nx KOMMNJIEKCHON nHTepnpeTaumun. Ha

puc. 1 nokasaHbl TUMbl 4AHHbBIX U UHCTPYMEHTDI
AMarHOCTUKU, UMEeIoLMecA ANA OTOXAECTBNEHNA BOSH
pasHoro Tuna. Llens aToro npouecca — ycTaHOBUTb
COOTBETCTBME MeXAy 3anncAMN BOSTH pa3Horo

TMNa (B LEHTPaNbHOW YacTu pUcyHKa). MNytem
AVHaMNYECKoro npeobpasoBaHMA BOTHOBOIO NOMA Ha
neBoOM N306paXKkeHun MHTEpPNPETaToOp MHTEPaKTUBHO
cosgaeT “QyHKUMIO OTOXAECTBNEHNA” HA NPaBOM
n30b6pa>keHnn, KOTOPOE UCMONb3YeTCA AJ1A KOHTPONA
KayecTBa. APPeKTMBHAA N HaAeXXHaA npoueaypa
OTOXAECTBEHMA BKIOYAET MHTEPAKTMBHOE
npeobpa3oBaHne BOMTHOBLIX MOMEN C y4eTOM Lienoro
pAfa cerncMmyeckux atpnbyToBs, 3a KOTOPbIM creayeT
heTanbHaA aBTomaTnyeckas “HacTporka’

Ho nonAa oToxaecTBNeHUA BOMH pasHoro tuna

Ba>XHbl HE TOJIbKO 3TV HOBbIE TEXHOMOMMNN: HE MEHee
BaXXHbI NepeaoBble Npoueaypbl, UCMONb3yemMble AnA
TOYHOrO ONpeaeneHnA NePEMEHHON NO BPEMEHN

1 B NPOCTPaHCTBE “chyHKUMM perncTpaumnn” (Mnm
napameTpa “ramma’). Kak y>ke ykasblBanocb paHee,
CIIOXXHOCTb OTOXAECTBIEHWA BOSH pa3HOro Tuna
ABNAETCA CNeACTBMEM TOro, YTO BCE CEMCMMYECKMEe
XapaKTepUCTUKN, BKOYaA BpemA npobera, amnnuTyay,
4YacToTy U hasy — OTNNYAKTCA ANA PasHbIX TUMOB BOSH.
MpakTnyeckn aTo 03HA4aET, HTO OTOXAECTBNEHNE
HaMHOrO CIOXXHee, YeM NPOCTOE CONocTaBfieHne
SKBMBAJIEHTHbIX “CEMCMMYECKNX BOSTH” B MaccuBax
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Figure 1: Dynamic registration of mode-converted
PS and traditional P seismic data (left) leads to more
accurate event correlation (center) and a better
understanding of full-wave velocities (right). Data
courtesy of Apache Canada.

the innovative processes emerging for accurately
determining a time and spatially-variant “registration
function” (or “gamma”). As stated previously, the
challenge of registering full-wave seismic data arises
from the fact that all aspects of the seismic character
including: time, amplitude, frequency and phase; are

all different. What this means in practical terms is that
registration is much more complex than simply matching
equivalent “seismic events” between P-wave and PS-
wave seismic volumes. A proven methodology uses
seismic attributes to identify and match unique geologic
characteristics. Depending upon the geologic setting,
these characteristics may range from faults and channel
features to differing reflection character of depositional
sequences. For example, by assuming that major sand
or shale sequences will have diagnostic reflection
“energy’, a seismic attribute known as reflection strength
can be used to match P- and PS-wave seismic data.

The use of seismic attributes allows the registration
process to be sequentially staged to first match gross
geologic features, and then adjust any frequency and/or
phase differences between the seismic volumes. Figure
2 illustrates the use of the reflection strength seismic
attribute (left) to match the main geologic sequences,
producing a time and spatially-variant registration
function (right). With this registration estimate in place,
a comparison can be made of the frequency and phase
character between the full-wave seismic volumes

i (middle), and corrections can be applied, as necessary.
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P-BonH n PS-BonH. NpoBepeHHaa meTogonorua
UCNOMnb3yeT CencMmMYeckne atpnbyTbl AN1A BbIABEHWA
N CPaBHEHMWA OOHMX M TEX XE reonormyecKmnx
0cobeHHOCTEN. B 3aBMCMMOCTYM OT reonorn4yeckoro
CTPOEHMA 3TN OCOBEHHOCTM MOTYT BKNIOYaTb
pasfnoMbl 1 Naneopycna unm xapaktTep OTPa>keHns
OT 0CaA04HbIX KOMMJIEKCOB. Hanpumep, npuHnmas,
YTO OCHOBHbIE TONWM NEecKa unn muH byayT naBaTb
ONarHOCTMYECKN 3HAYUMYIO OTPAKEHHYIO “3HEpruto’,
CENCMNYECKNIA aTpubyT, N3BECTHbIN KaK MrHOBEHHASA
aMmnnuTyga (amnnuMtyga ormbatoLler Tpacehl), MOXeT
ncnonb3oBaTbCA AnA otoxaecTesnenva P n PS sonH.

Vicnonb3oBaHne cemcMmyecknx aTpnbyToB No3BornAeT
pa3buTb NPOLECC OTOXAECTBIIEHUA BOMH Pa3HOro Tmna
Ha nocrniegoBaTerbHbIe ATanbl M CHavYasna HaxoauTb
COOTBETCTBME MEXAY OCHOBHbBIMW re0nIorm4ecKummn
rpaH1Lamm, a 3aTem KOMMEHCUPOBATh MtobbIe YaCTOTHbIE U
has3oBble pasnMunA MeX Iy CEMCMUYECKUMM MaccrBamn. Ha
pu1C. 2 NOKa3aHo UCMONb30BaHNE MIHOBEHHOW aMMnnTyabl
(cneBa) anA OTOXAECTBIEHNA OCHOBHbIX FEONIOTMYECKNX
KOMIMJIEKCOB, YTO MO3BOJAET NOMY4YUTb NEPEMEHHYIO MO
BPEMEHM 1 B MPOCTPAHCTBE (OyHKLMIO perncTpaunm (cnpaea).
MNocne Takoro OTOXAECTBEHWA MOXXHO CPABHUTL HYacTOThbI

1 chasbl B MHOMOBOSTHOBbIX CENCMNYECKMX MaCCMBax
(cepenyHa) 1 Npn HEOHXOAMMOCTM BHECTN KOPPEKTUPOBKM.
MHOMOBOMHOBBIE CUHTETUHECKME CEMCMOrPamMMbl, €CIIN OHU
UMEIOTCA, O4EHb MOME3HbI ANA AaslbHENLero 060CHOBaHWA
BBOOUMbIX KOPPEKTUPOBOK. [pr HEOHX0AUMOCTW, A0 Havana
CMHXPOHM3NPOBAHHOM MHOIOBOSTHOBOW MHTEpNpeTaumm Ha
3TOM 3Tane MOXET NPUMEHATLCA OCTATO4HAA KOPPEKTUPOBKA
pe3ynbTaToB OTOXAECTBIEHNA BOSH Pa3HOro Tmna.
OTOXAECTBNEHNA BOMH Pa3HOrO TUMNa MOXET 6bITb
BbIMOTHEHO BO BPemsA 06paboTKM CENCMUYECKMX AAHHBIX WX
Ha HaYasIbHOM 3Tane vx HTepnpetauun. B miobom cnyyae
BECb MOCMEAYOLMA aHaNN3 U BbIBOAbI 3aBUCAT OT KavecTsa
npoueaypbl OTOXAECTBIEHUA. Ha 9TOM 3Tane KodeBble
pesysnbTaTbl — OTOXAECTBIEHHbIE MHOTOBOJTHOBbLIE
cencMmnyeckme gaHHbIE N COOTBETCTBYHOLWAA OYHKUMA
pervcTpauum, nokasbiBatoLasa OTHOLIEHNE CKOPOCTEN
npoAO0SbHbIX N NMOoMnepeYyHbIX BOJIH. I'Ipm ycnoBun TO4HOIO
OTOXXAECTBIEHVA BOJTH aKLEHT MHTEPNPETaLMM NEPEHOCUTCA
Ha OLiEHKY CBOWCTB Nopog, 1 GontoMA0B C UCONb30BaHMEM
HOBbIX METOAOB CUHXPOHU3MPOBAHHOW MHTEpnpeTaLmn.

CUHXPOHM3MpPOBaHHaA MHTeprpeTauuAa
MHOroBOJIHOBbIX AaHHbIX: peann3auua
npeuMmyLiecTB
Peanusauua makcMmyma npevMmyLecTsB MHOrOBOSTHOBbIX
CEeNCMUYECKIMX AaHHbIX TpebyeT TBOPYECKOIro Noaxoaa K
uHTepnpeTaum. TpaanumMoHHO MHTepnpeTauma CBOAUTCA
K “NMNKUPOBaHNIO” OCHOBHbIX FTOPU3OHTOB 1 NMOBEPXHOCTEN
pasnoMOB C UCMONb30BaHNEM OCHOBHOIO CEMCMUYECKOTO
maccumBa u, Npn Heob6XoAMMOCTUN, MaCCMBOB CENCMUYECKIMX
aTpunbyToB. XOTA NOBEPXHOCTHAA MHTEpPNpeTauunsa
MHOFOBOJTHOBbIX CEMCMUYECKMX AAHHBIX MONe3Ha,
BCE BO3MOXHOCTM 3TOW TEXHOMOrUM peannsyroTcaA
4Yepes CMHXPOHU3UPOBAHHYIO MHTEPMPETaLMIO Kak
TPaAVLMOHHbIX NMPOAOSBHbIX, TaK M OBMEHHbIX BOJTH.
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Full-wave synthetic seismograms, if they exist, are very
useful for further validating the corrections applied to the
seismic volumes. At this stage, a residual registration
may be applied, if necessary, before Synchronized Full-
wave Interpretation commences.

Registration may be performed during seismic
processing or as an initial seismic interpretation step.

In either case, all subsequent analysis and inferences
depend upon the quality of this data matching. Key
outputs at this stage are registered full-wave seismic
data and the corresponding registration function, related
to the ratio of subsurface pressure and shear velocities.
With an accurate registration, the interpretation focus
moves to estimation of rock and fluid properties, using
new Synchronized Interpretation techniques.

Full-wave Synchronized Interpretation:
Extracting Value
Extracting optimum value from full-wave seismic
data requires creative approaches to interpretation.
Traditionally, interpretation has focused upon the “picking”
of major horizon and fault surfaces, using a primary seismic
volume and derivative attribute volumes, as required. While
surface interpretation of full-wave seismic data is useful,
the full power of this technology is unleashed through
Synchronized Interpretation of both traditional and mode-
converted seismic data. By analyzing these contrasting
types of measurements concurrently, interpreters are
able to identify both similarities and differences that are
diagnostic of stratigraphic, lithologic, fluid, fracture and other
characteristics.

Figure 3 illustrates the power of Synchronized
Interpretation applied to full-wave seismic data in a
complex channel environment. Traditional visualization
of a single seismic scene is expanded to provide
synchronized visualization of multiple data types in
shared or separate time and depth views. P-wave
seismic data, displayed as black and white features, are
blended with PS-seismic data, displayed as colored, to
reveal both channel morphology and gas sweet spots.
By linking data images in different scenes, Synchronized
Interpretation can uncover many important subsurface
details. Comparison of seismic similarity attributes, for
this same example, provides insight into the character of
the main producing channel, while also identifying poor
reservoir quality, cross-cutting channels. Similarly, other
seismic attributes can uncover details directly related

to lithology and porosity. Incorporation of well logs and
other depth and time data further extends the value of
Synchronized Interpretation, providing correlation of
full-wave seismic data with in-situ well and production
measurements.

Integration of seismic and well log information can
lead to qualitative and often quantitative estimates
of sand, shale, porosity, fluid saturation and other
key reservoir attributes. Seismic inversion enhances



MyTem napannenbHOro aHanMaa 3TUX pasnyHbIX TUMOB
BOIH MHTEPMNpeTaTopbl MEIOT BO3MOXHOCTb OnpeaeniTb
CXOACTBA M pa3nunuunA, ABMAIOLLIMECA ANArHOCTUHECKUMIA

C TOYKM 3peHuna cTpaTurpadovn, TUTONOTANK, COCTaBa
dononaos, TPELMHOBATOCTU U T.A4.

Ha pwvc. 3 npeactaBneHbl BO3MOXHOCTU
CUHXPOHM3NPOBaHHOW MHTEpNpeTauum NpUMEHUTENBHO
K MHOTOBOJTHOBbIM CENCMUYECKMM OaHHbIM B YCITOBUAX
naneopycna. TpagMumMoHHaA BU3yanvsauma O4HOro
CEeNCMNYECKOTO N306padkeHnA pacumpaeTca oo
CMHXPOHM3NPOBAHHOW BM3yanun3aumm pasHbIX TUMOB
[JaHHbIX B OTAEMbHbIX UM COBMELLEHHbIX BPEMEHHbIX
1 mMy6buHHbIX OKHax. 3anuck P-BonH, oTobpakaeman

B YepHO-6enom BapuaHTe, HaknagblBaeTCA Ha 3anmcb
PS-BonH, NnpeactaBnAemyto B LUBETE, YTO NO3BONAET
BbIABUTb Kak MOPOnorMio naneopycna, Tak u CKOmnsieHnA
rasa. O6beanHeHHOE N306padkeHne PasNyHbIX
AaHHbIX NO3BOMNAET C NOMOLLbIHO CI/IHXpOHI/I3I/IpOBaHHOI7I
WHTEpnpeTaumnm 06Hapy>KMTb MHOXXECTBO BaXKHbIX
JeTasnein reonornyeckoro cTpoeHrA. CpaBHeHne
aTpnbyTOB CENCMNYECKOro CXOACTBA Ha 3TOM Xe
npumMepe No3BONAET ONPeaenuTb NapameTpbl OCHOBHOMO
paspabaTbiBaeMoro naneopycna v npv 3ToM BblAENNTb
YHaCTKU C NJIOXMMWN KOMNTEKTOPCKUMM CBOVCTBAaMMU.
AHanornyHo, gpyrue cencmmyeckme atpmbyTbl
HanpAMYIO CBA3aHbl C IMTOMOrMEN N NOPUCTOCTbLIO.
Vicnonb3oBaHne KapoTaXkKHON nHchopMaumm

OpYrux AaHHbIX, NOYYEHHbIX BO BPEMEHHOW Un
rmybuHHOM 0bnacTu, ewwe 60nblue NOBbILWAET LEHHOCTb
CUHXPOHM3NPOBaHHOW MHTepnpeTaumn, obecneunsaeT

integration by combining full-wave seismic with well

data to estimate the combined reservoir velocity and
density characteristics, related to rock matrix and fluid
fill properties. Ideally, this information will lead to a better
understanding of historical well performance and better
identification of channel “sweet spots” for future well
placements. In the illustrated channel sand example,

a drilling success rate of 75% was improved to 100%
success, using full-wave seismic data.

Synchronized Full-wave Interpretation:

A Bright Future
Synchronized Full-wave Interpretation holds tremendous
promise for expanding our understanding of reservoirs -
lowering the risk of well placement and better optimizing
field development. Similar to the 3D seismic revolution
that spawned innovative interpretation techniques
and technologies in the 1980’s, we are at the early
stages of the full-wave seismic revolution. Existing
workflows and technologies are proving inadequate,
as innovative approaches to seismic acquisition,
processing and interpretation are emerging. As with
other value chains, technologies and processes that
unleash product value are essential. Interactive and
automated full-wave registration is proving effective for
matching P-wave and PS-wave seismic data, using
innovative workflows to enhance geologic correlations.
Once matched, Synchronized Full-wave Interpretation
identifies significant similarities and differences between
seismic volumes, leading to better lithology and fluid

i content estimates, leveraging modern seismic inversion

Bce elle ncnonb3yete 3JNIEKTPOHHbIE Tabnuubl
npn COCTABJIEHAU NporpamMmmbl
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CTaHAaapTHbIM OTpacneBon NpPorpaMmMHbIn
KOMMMEKC ANA NoAroTOBKU Nporpammbl v
6roaxkeTa MOPCKOW cemcMopasBenKu
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KOPPENALMIO MHOMOBOSTHOBbBIX CENCMUYECKNX AaHHbIX

CO CKBa>KVMHHBIMU 1 MPOMbICIOBLIMW AAHHbBIMU.
KomnnekcnpoBaHme CENCMUYECKNX N KapOTadKHbIX
OaHHbIX MOXET 06eCneynTb Noy4YeHe Ka4eCTBEHHOM,

a 4acTO N KONMMYECTBEHHOW OLIEHKN NECHYaHNCTOCTH,
MIMHUCTOCTM, MOPUCTOCTK, CHSIOMAOHACHILLEHHOCTM

1 OPYrMX O4EHb BaXKHbIX CBOMCTB KOMMEKTOpA.
Cencmm4deckan MHBEPCMA YCUMBaET KOMMNIEKCUPOBaHWE
nyTem COMETaHNA MHOMOBOSTHOBbLIX CEMCMUYECKNX AaHHbIX
CO CKBa>KVMHHBIMW AaHHbIMW AJ19 OLEHKN CKOPOCTHBIX U
NAOTHOCTHBIX XapaKTEPUCTMK KOMMEKTOPA, CBA3AHHbIX
CO CBOWCTBaMM CKeneTa nopodbl 1 MOPOBOro dnonaa.

B noeansHom BapuaHTe 3Ta nHopmMauma npuBoanT K
nyywemMy NOHUMaHWIO UCTOPUM IKCMITyaTaumm CKBa>KuH

1 BbIABMEHMWIO MEPCNEKTUBHBIX CKOMSIEHNI ra3a B
naneopycne anA byoywero pasmeLLeHna CKBaXkvH. B
NPOVIIIOCTPMPOBAHHOM NMPUMEpPE NecHaHoro naneopycna
ahhekTMBHOCTL BypeHna bbina nosbiweHa ¢ 75% Ao
100% no pesynbTartam Ucrnonb3oBaHNA MHOrOBOMHOBbIX
CEeNCMMNYECKMX OAHHbIX.

CuHXpOHU3MpOBaHHaA MHTeprpeTauua

MHOrOBOJTHOBbIX AlaHHbIX: ApKoe byayuiee
CVHXPOHM3UPOBaHHaA UHTEpPNpeTaUna MHOTOBO/THOBbIX
[AaHHbIX 3aK/THoYaeT B cebe OrpoOMHbIE MEPCNEKTUBLI ANA
pacLIMpeHnA HALLEro NPEeACTaBNEeHNA O KOIEKTopaXx,
CHWXXaA, NPU 3TOM, PUCK HEMPAaBWUITBHOIO PaCMONIOKEHWA
CKBaXXVMH 1 0becneyumBan onTuMm3aumio paspaboTkm
MeCTopOXAeHNA. Kak B CBOE BpeMA TpexmepHan
cencMopasBenKa NpovsBerna NepeBopoT, KOTOPbIN
3aJ10KMJT OCHOBbI MHHOBAUMOHHbBIM METOAAM U
TEXHONOrMAM MHTepnpeTaummn B 80-x rogax NpoLuioro
CTOMETUA, TaK U CEroaHA Mbl CTOMM Y UCTOKOB HOBOTO
nepeBopoTa, NOArOTOB/IEHHOIO MHOTOBOSTHOBOW
cencmmkon. CylecTByoWwmMe METOAbI U TEXHOMOMN
noKasanm CBOK HECOCTOATENBHOCTbL B CBETE
NOABMEHMA NPOrPECCUBHBIX MOAXOAO0B K permcrpaumu,
06paboTke 1 MHTepnpeTaumn gaHHbIX. Kak 1 B apyrmx
CnyyanAx, TEXHONMOrMm 1 NPoLeaypbl, B MOMHON Mepe
peanuayloLme BCe BO3MOXXHOCTY NpoayKTa, Havbonee
BaXXHbI. VIHTEpaKTMBHOE 1 aBTOMAaTU3MPOBaHHOE
OTOXAECTBEHME BOMH Pa3HOro Tvna noaTesepXxaaeT
CBO 3(PpPEKTUBHOCTL NPV COBMECTHOM aHanmse P-
BOSIH 1 PS- BOMH nyTeM ncnonb30BaHnA MHHOBAUMOHHBIX
npouenyp AJ1A NOBbILEHUA HAAEXHOCTN KOppenaumm
rpaHvy pasgena. lNocne oToXxaecTBNEHVA BOSH
PasHOro Tuna, CMHXPOHN3NPOBAaHHAA NHTepnpeTauuna
MHOTOBOJTHOBbIX A2HHbIX BbIABMAET BaXKHbIE CXOACTBA
N pasnuyuna Mexay MaccuBamn CENCMUYECKNX OAHHDIX,
obecneymBan 6onee Ka4eCTBEHHYIO OLEHKY NUTONOrnm
n cocTtaBa nonaoB 1 No3BonAA apdeKkTMBHee
NPVYMEHATb COBPEMEHHbIE NpoLeaypbl CENCMUYECKOM
MHBEPCUN. YTOYHEHUE Fre0NOrMYECKOro CTPOEHNA Ha
OCHOBE MCMOJIb30BaHMA MHOTOBOJTHOBLIX CENCMUYECKNX
OaHHbIX HENMOCPEACTBEHHO NOBbIWAET 3PHEKTUBHOCTb
6ypeHna u ynyywaeT aKcnyataumnio MeCTOPOXKAEHNN.
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techniques. Enhanced subsurface understanding using
full-wave seismic data is directly translating into improved

drilling success and better reservoir production.
N et 2 "li"l

PucyHok 2: Vicnonb3oBaHue cencmmyeckux atpubyTos,
Takux Kak MrHoBeHHaA amnnutyaa (cnesa), MoXeT
YNPOCTUTb CO34aHNE NEPEMEHHON MO BPEMEHN 1 B
npocTpaHcTBe PyHKUMN perncTpaumm (cnpaea) u gatb
BO3MOXXHOCTb YTOUYHUTb KOPPENALUMIO BOSH MyTEM
corfiacoBaHua 4acToT u das (cepeanHa).

Figure 2: The use of seismic attributes like amplitude
envelope (left) can simplifying the creation of a time
and spatially-variant registration function (right) and
the opportunity to refine the data correlation through
frequency and phase matching (middle).

PucyHok 3: BoinonHAemasa nocne oToXAeCTBEHUA
BOJTH Pa3HOro TUna, CUHXPOHU3MPOBaHHAA
MHOrOBOIHOBAA MHTEpNpeTauuA No3BonqAeT BblAENNTb
naneopycrno ¢ Ucrnosnb3oBaHmem aTpubyTos P-BonH
(4epHo-6enoe n3obpaxkeHne) n NepcneKTUBHbLIE
CKOMEHUA ra3a ¢ ucnonb3oBaHnem amnnutyg PS-BonH
(uBeTHOE n306parkeHne).

Figure 3: Following registration, Synchronized Full-wave
Interpretation identifies channel features using P-wave
seismic attributes (black) and gas sweet-spots using PS-
wave seismic amplitudes (colors).



[TecyaHble OKHbI?
MuorosonHoBasa ceicmopasBe/lKa

NPUHUMAET Bbl30B.

YCJI0BUA PABOT
N3meH4mBbIE NOBEPXHOCTHbIE YCIOBUA
OCNOXHAKT YCTAHOBKY MCTOYHUKOB 1
Np1MemMHMKOB. CNoXHOe CKOPOCTHOe
cTpoenve BYP n uckpmenenve ny4en
B MPUMOBEPXHOCTHOW 30HE NCKaXKaloT
N306pa>keHna cpeabl.

MHOIroBOJIHOBbIE TEXHOJIOIUA
KOMMNAHWUM I/O

¢
i 1)

OTMEeYEHHbI HarpagaMn TPEXKOMMNOHEHTHbIV
umdppoBor aatymk VectorSeis. Peructpauma
[aHHbIX B LUMPOKOM NOJIoce YacToT U C
BbICOKUM pa3peLueHnem 6e3 rpynnupoBaHus.

MoBbIWeHHaA NPoM3BOAUTENBHOCTb B
Hambonee CNnoXHbIX MOBEPXHOCTHbIX YCIOBUAX.

Scorpion® —peructpupytoLias cuctema
C yOo6HbIM 1 NPOCTBIM MHTEPEENCOM.
MoppepxnBaeT O4EHb BbICOKYIO
KaHasnbHOCTb, LUMPOKOA3UMYTaSlbHbIE CbEMKM.
MakcumanbsHaA apheKTUBHOCTb
N HAAEXHOCTb.

b

1

PeBontounoHHble npoueaypbl 06paboTKy,
Takue kak AZIM — aHanu3 u y4eT aHM3oTponum
CKOPOCTEN, UCMONb3YIOT NpenmyLLecTsa
perucTpaumm NonHOro BOIHOBOTO NOMA
[NA NOBbILLEHNA KayecTBa N306pakeHui
CNOXHOMNOCTPOEHHbIX CPea.

www.i-o.com/russio

Nocetute Haw cteHa (Ne128)
Ha KoHdepeHuuu KIOGE!

MHorosonHoBaA ceiicmMopasBeKka. 3actasbTe ee paboratb Ha Bac!




